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® Hyperthermia treatment method and apparatus. 

© A system and associated method that combines 
microwave detection (radiometry) with microwave 
heating (hyperthermia) for the treatment of cancer 
with, a microwave radiometric detector is operable ' 
during a receive mode of operation to establish ' 
signal path characteristics and a microwave transmit- "' 
ter is operable during a transmit mode of operation 
to carry out the hyperthermia treatment. There is 
provided an antenna array of a plurality antennae 
(12) disposed over the tumor site (10).These anten- 
nae are coupled to separate signal channels. During 
the receive mode of operation the separate channel 
signals are combined for coupling to the microwave 
radiometric detector to enable adjustment of the 
phase of the separate antenna signals so as to 
maximize the signal detected at the microwave 
^radiometric detector. Thereafter, during the transmit 
^mode of operation the microwave transmitter cou- 
^.ples signals to the signal channels to provide beam 
^focusing of the microwave energy on to the tumor 
lO site. 
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HYPe W|Mg»A TREATMENT METHOD AND APPARATU 




Background of the Invention 

The present invention relates in general to an 
apparatus for hyperthermia treatment of cancerous 
tissue or cancerous tumors, and the associated 
method of hyperthermia treatment thereof. More 
particularly, the present invention relates to an ap- 
paratus and associated method for non-invasive 
cancer tumor treatment employing an active radio- 
meter phased array technique. 

it is known that a cancerous tumor may be 
treated successfully by raising the temperature of 
the tumor, a treatment generally referred to as 
hyperthermia. In. this connection, it is known that 
certain tumors either shrink or disappear at a tem- 
perature of approximately 43 a c. Based on this 
knowledge, one preferred method of hyperthermia 
tumor treatment provides for heating the tumor to 
that temperature by preferably heating only this ; 
tissue at the tumor site. 

In more recent years hyperthermia has been 
accepted as a cancer treatment modality. However, 
it is generally restricted in use as in adjunctive 
procedure to radiations ttoerapy for superficial le- 2 
sions only. The primary reason for limitation to 
superficial use is related to the inability to focus 
energy at depth in human tissue. In this connection 
one of the objects of the present invention is to 
provide a hyperthermia treatment apparatus and 3, 
associated method that provides for energy focus- 
ing at depths in human tissue. 

In hyperthermia apparatus, there have gener- 
ally been attempted two different techniques for 
carrying out treatment. The first and more common at 
technique utilizes non-microwave invasive ther- 
mometry to determine the transmitter power re- 
quired to heat the tumor tissue. In this technique 
they employ multiple antennae and use amplitude 
control. This technique does not achieve beam 4C 
forming. 

Other techniques, utilize a radiometer receiver 
in conjunction with a transmitter to merely monitor 
temperature but do not achieve focusing with a 
beam. Examples of such techniques are found in 45 
British Patent 2,000,335 to Sterzer and U.S. Patent 
4,312,364 to Convert et al. 

Accordingly, it. is an object of the present in- 
vention to provide an improved hyperthermia treat- 
ment method and apparatus that achieves focusing so 
of the microwave energy on the tumor so as to 
optimize the coupling of energy to the tumor for 
treatment thereof. 



Another object of the present invention is to 
provide an improved system and associated meth- 
od that combines microwave detection 
(radiometry) with microwave heating 
(hyperthermia) for the treatment of cancer. 



Summary of the Invention 

To accomplish the foregoing and other objects, 
features and advantages of the present invention 
there is provided a system for the hyperthermia 
treatment of cancerous tumors. This system is one 
that combines microwave detection with microwave 
heating for treatment purposes. The radiometer 
senses the emissivity of the tumor (target) to deter- 
mine the path length (phase) between, the surface 
of the body and the tumor. An antenna array is 
provided which includes a plurality of antennae 
adapted to be disposed over the tumor site. The 
number of antennae is determined by the size and 
depth of the tumor which are known factors. During 
the receive mode of operation, means are provided 
for combining signals from the antennae to pro- 
vided a combined signal means for separately ad- 
justing the phase of each of the antenna signals to 
maximize the signal detected at the radiometer. 
The radiometer is thus employed to achieve phase 
coherency. It is noted that the tumor itself in this 
technique functions as the signal. generator thus 
permitting the tissue to become a -known transmis- 
sion path. Phase adjustment of the individual paths 
provides phase coherency to the tumor, taking in to 
account tissue layering, variations, and in- 
homogeneity. The system also includes a transmit- 
ter means and means for dividing the transmitter 
means signal for coupling to the antenna array. By 
reciprocity, the transmit path during the transmit 
mode of operation is phase coherent allowing uni- 
form power coupling to the primary tumor site. 

In accordance with the method of the present 
invention it is practiced in a system that comprises 
a microwave radiometric detector operable during a 
receive mode of operation to establish signal path 
characteristics and a microwave transmitter oper- 
able during a transmit mode of operation. The 
method of hyperthermia treatment for a cancerous 
tumor comprises the steps of providing an antenna 
array of a plurality of antennae disposed over the 
tumor site, providing separate bi-directional signal 
channels each coupled to one of the antennae of 
the antenna array, and combining the separate 
channel signals for coupling to the microwave 
radiometric detector during the receive mode of 
operation. The phase of the separate antenna sig- 
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nals is adjusted so M kiximize the signal 
detected at the micro^BRdiometric detector. 
This establishes the signal path characteristics. 
Next is the step of operating the microwave trans- 
mitter and dividing the microwave transmitter signal 
for coupling to the signal channels during the trans- 
mit mode of operation to provide beam focusing of 
the microwave energy on to the tumor site. 



Description of the Drawings 
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Numerous other objects, features and advan- 
tages of the invention should now be become ap- 
parent upon reading of the following detailed de- is 
scription taken in conjunction with the drawings in 
which: 

FIG 1. is a block diagram of a one embodi- 
ment of the present invention; 

FIG 2. is a block diagram of a second em- 20 
bodiment of the present invention; and 

FIG 3. schematically illustrates an antenna 
cluster as may be employed in accordance with 
the invention. 

25 



In accordance with the present invention as 
illustrated by the embodiments of Figs 1 and 2 30 
herein, there is provided a system and associated 
method for combining microwave detection 
(radiometry) . ...with microwave. heating yt--? 
(hyperthermia) for the treatment of cancer and in - 
particular, cancerous tumprs.vunlike prior systems. '= 35 
the system of the present invention i with the pre- 
ferred use of the radiometer senses the emissivity 
of the tumor to determine the path length (phase) 
between the surface of the persons body and the 
tumor.ln this connection the technique of the 40 
present invention assumes that one has located the 
tumor and now wishes to treat the tumor using 
microwave hyperthermia. Once the tumor location 
and mass are know such as by techniques de- 
scribed in my co-pending application Serial No. 45 
06/795.976 filed November 7, 1985 pertaining to 
Method and Apparatus for Cancerous Tumor De- 
tection, then a particular antenna array may be 
selected for hyperthermia treatment. In the array 
the number of antennae employed is determined so 
by the size and depth of the tumor. The use of 
multiple antennae distributes the heat at the body 
surface minimizing undesired surface heating. 

In accordance with the invention a radiometer 
is employed to achieve phase coherency. The sig- 55 
nal level at the output of the radiometer is op- 
timized by adjusting the phase of each of the 
receiving paths. 



In past hypertll^iptetems phase coherency 
has only been obtainlc^for a portion of the signal 
path. Phase coherency can only be obtained in the 
normal microwave equipment path. For example, 
phase coherency can only be controlled between 
the microwave transmitter, the source of heating, 
and the antenna element; the tissue path from the 
antenna element to the tumor site is unknown. 
However, in accordance with the present invention 
the signal path is made determinative by the con- 
cept of consideration of the tumor itself as a signal 
generator. A phase adjustment of the separate sig- 
nal paths from the separate antennae during a 
receive mode of operation of the invention provides 
phase coherency when signals are subsequently 
coupled to the tumor during the transmit mode of 
operation. Thus, this phase adjustment of the sepa- 
rate signal paths or channels provides phase co- 
herency to the tumor, taking in to account tissue 
layering variations and inhomogeneity. 

The system of the present invention operates 
on the basis of reciprocity. This reciprocity concept 
means that once the phase adjustments occur dur- 
ing the receive mode of operation, when the tumor 
is functioning as a signal generator, these same 
settings of phase are subsequently used during the 
transmit mode of operation to provide phase coher- 
ency allowing uniform power coupling to the pri- 
mary tumor site. 

Phased-array transmission systems are known, 
such as are presently used in sophisticated radar 
designs. However, attempts to achieve beam for-' 
•mihg through the use of such phased array tech- : 
nique has proven not to be successful due 'primar- - 
ily to the fact that the human -body; ; - tJnfike^free 
space is layered, non-homogeneous and lossy; In 
this regard, in free space, phase coherency is hot a 
problem and can be easily achieved because free 
space is low loss, uniform or homogenous and 
common to all elements of the array with respect to 
the target. In such systems only the phase coher- 
ency within the system, up to and including the 
antenna element, is of concern. Aiso, in an active 
radar, in a free space phased-array system, the 
target is illuminated by the transmit signal. The 
echo of reflection is in return received allowing 
determination of distance by measurement of time 
between the transmit and receive signals. Also, in 
such systems detection is accomplished at the 
same frequency as the transmit frequency. On the 
other hand in accordance with the present inven- 
tion such techniques are not usable because of the 
aforementioned non-homogenous and lossy nature 
of tissue. 

In summary, in a non-homogeneous, layered 
and lossy media such as human tissue, phase 
coherency is extremely difficult if not impossible to 
achieve through the use of normal phased array 
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techniques. It is only through ^ Clique of the 
present invention that a> prope^P^e beam can 
occur by virtue of dual mode operation including a 
receive mode in which the tumor itself functions as 
a signal generator with the associated use of a 
radiometer for adjusting phase to maximize signal 
detection. This is coupled with the transmit mode 
of operation in which the previously established 
phase settings are now employed, with the system 
incorporating a microwave transmitter for coupling 
signals along the same pre-established and preset 
paths thus providing proper beam forming and 
desired signal path characteristics. Again, the natu- 
ral emissivity of the target (in this case, the tumor) 
determines the signal transmission characteristics. 
The receiver is preferably a radiometer capable of 
measurement of actual body emission. Radiometry 
is the measurement of received radiation. 
Radiometry Js defined, as the technique for measur- 
ing electromagnetic energy considered as from 
thermal radiation. Clinical radiometry, in turn, is the 
measurement of natural emission from the human 
body. In this connection any object above absolute 
zero radiates electromagnetic energy to an extent 
governed by its radiant emittance. 

Reference is now made to Fig. 1 for an illustra- 
tion of one embodiment of the present invention. In 
Fig. 1 the tumor site is illustrated generally at 10 
The system illustrated in Fig. 1 is a multiple anten- 
nae system including a plurality of antennae 12 
coupling by way of a plurality of refiectometers 14 
and phase shifters 16 to the apparatus 20. The 
apparatus 20 is a combination power divider and 
combiner. On one side the apparatus 20 has a 
plurality of terminals coupling to the respective 
phase shifters 16. On the other side the apparatus 
has a single terminal coupling to the switch 24 As 
illustrated in Fig. 1, the switch 24 in turn connects 
to the microwave transmitter on one side and to the 
detecting microwave radiometer on the other side. 

As indicated previously, there are basically two 
separate modes of operation referred to herein as 
the receive mode of operation and the transmit 
mode of operation. These modes of operation are 
in essence mutually exclusive of each other. The 
signal path is defined during the receive mode of 
operation during which the phase shifters are ad- 
justed and thereafter the hyperthermia treatment 
actually occurs during the transmit mode of opera- 
tion. The switch 24 is operated so as to control 
between these two different modes of operation 
Likewise, an input may be provided to the appara- 
tus 20 so that it functions as to be defined 
hereinafter, differently during transmit and receive 
modes of operation. 



In the embodiment c^^Sjfcphase adjustment 

is carried out with the pH ^ers 16 also iden- 
tified as phase shifters P3T-PSN. The phase ad- 
justment may be carried out either mechanically or 
5 electronically to allow maximizing of signal strength 
at the output of apparatus 20 coupled to the 
transmit/receive switch 24. This operation occurs 
during the receive mode of operation in which the 
apparatus 20 functions as an N-way combiner es- 
70 sentially combining all of the signals from the sepa- 
rate phase shifters to provide a single output signal 
coupled to the transmit-receive switch 24. 

This adjustment of the phase shifters 16 ba- 
sically adjusts the electrical length of each signal 
T5 path from the tumor through the microwave path to 
the apparatus 20 functioning as an N-way power 
combiner to thus provide a phase additive situation. 
By reciprocity if one now disconnects the receiver 
(radiometer) and connects the transmitter one can 
20 now couple energy to the tumor in a like manner 
using the same signal paths and achieve a focused 
pattern. In this instance switch 24 is operative so 
that it is now in the transmit mode essentially 
disconnecting the radiometer and instead connect- 
25 ing the transmitter so that the apparatus is coupled 
by way of switch 24 to the apparatus 20. In the 
transmit mode of operation the apparatus 20 func- 
tions as an N-way power divider taking the sianal 
input from the switcn 24 and dividing it to~the 
so separate signal channels including separate phase 
shifters 16. These signals are then coupled by the 
previously set phase shifters to the antennae 12 for 
coupling signals to the tumor site 10. 

During the transmit mode of operation, should 
35 the electrical path length change, due to the ap- 
plication of the hyperthermia heat, for example, the 
transmitter may be turned off and the radiometer 
may again be used to determine path length there- 
by continuously repeating the process and thus 
40 continuously monitoring the operation so that prop- 
er phase coherency is maintained. Again, this 
change from transmit to receive mode and back to 
transmit mode is controlled by the switch 24. This 
may be a manually operated switch. 
<5 In the closed loop system of Rg. 1, the radio- 

meter may be used to monitor differential tempera- 
ture (thermometry) maintaining control of the ap- 
plied power. The aforementioned connect and dis- 
connect function is accomplished by the switch 24. 
so As also indicated previously, while the apparatus 
20 functions as an N-way combiner during the 
receive mode of operation it now becomes an N- 
way divider during the transmit mode of operation. 
The transmit/receive switch 24 may be provided in 
55 several different embodiments including a me- 
chanical and an electronic embodiment. If the 
switch 24 is an electronic switch such as through 
the use of ferrite duplexing and/or switching, inser- 
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tion loss becomes a cr ^HSwP r; A mechanical 
switch has isolation greate^^Rn 60 dB with an 
insertion loss of less than 0.1 dB. The switching 
time is slow with the mechanical switch, however, 
switching speed is not that critical in this particular 
application. 

Reference is now made to Fig. 2 which shows 
an alternate embodiment of the present invention. 
The approach used in Fig. 2 employs a duplexer to 
separate the transmit and receive functions, ba- 
sically allowing the insertion signal into each of the 
separate paths or channels. This particular ap- 
proach allows independent control of the power 
level applied to each channel, assuming the phase 
coherency of the individual transmitter paths can 
be maintained. 

In Fig. 2 the same reference characters have 
been used to identify similar components to those 
illustrated if Fig. 1. Thus there is provided a plural- 
ity of antennae. These antennae couple to a plural- 
ity of reflectometers which in turn couple to a 
plurality of phase shifters 16. The phase shifters in 
turn connect to a plurality of circulators 30. These 
circulators also couple to the multi-input N-way 
power combiner 32. Fig. 2 also shows the N-way 
power divider 34. The input to this divider is from 
the microwave transmitter. The several outputs of 
the power divider couple to the separate channels 
and thus there are preferably the same number of 
outputs from the divider 34 as there are antennae. 
Each of these outputs couple by way of a power 
amplifier 36 and single pole/single throw switch 38 
to/ the third terminal of . the circulator 30. With 
•regard to the combiner 32 it is noted that it also 
has an equal number of input terminals to anten- 
nae. The output of the combiner 32 couples by 
way of the single pole/single throw switch 42 to the 
radiometer. 

In the embodiment of Fig. 2, during the receive 
mode of operation the N-way power combiner 32 is 
operational but the N-way power divider 34 is non- 
operational. The microwave transmitter is not op- 
erating but the microwave radiometer is ready for 
operation and ready for the adjustment of the 
phase shifters. Thus, during the receive mode of 
operation the tumor itself functions as the signal 
generator and signals are coupled of each of the 
separate channels by way of the antenna, reflec- 
tometer and phase shifters of each channel to the 
circulator 30. The single pole/single throw switch 
38 is open and thus the signal path is from the 
circulator 30 directly into the N-way power com- 
biner 32. The single pole/single throw switch 42 is 
closed and thus the combined signal at the output 
of the combiner 32 couples to the radiometer. The 
individual phase shifters 16 are then separately 
adjusted to maximize the signal at the radiometer. 
This now establishes signal paths for optimum sig- 
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nal coupling and in pM^par optimizes the signal 
path characteristics in the signal path between the 
tumor and the antennae or in other words in the 
non-homogeneous tissue. 

After the phase shifters have been adjusted 
and the radiometer signal is maximized, then the 
system switches to the transmit mode of operation, 
in this mode of operation the N-way power com- 
biner 32 is essentially disabled and the transmitter 
sends the microwave signal to the N-way power 
divider 34 where the signal is divided and couples 
to each of the separate channels by way of the 
separate power amplifiers 36 and single pole/single 
throw switches 38. The single pole/single throw 
switches 38 are closed so that the signal couple to 
the circulator 30 and from there by way of the 
phase shifters, reflectometers and antennae to the 
tumor site. The phase shifters 16 having been 
previously adjusted and set at the optimum con- 
ditions for transmission, provide for an optimization 
of the signal coupled to the tumor site achieving a 
beam forming of this signal so that optimum heat- 
ing occurs at the tumor site. 

The radiometer itself generates noise that con- 
tributes to the overall noise of the system. There- 
fore, the total system output contains not only 
noise received by the antennae, but noise gen- 
erated within the system. The power levels asso- 
ciated with the transmitter cause a thermal eleva- 
tion of the components and transmission common 
to the receive path. This, in turn produces phase 
and amplitude changes thus requiring frequency 
adjustment utilizing the radiometer? during -the- re-; 
ceive mode of operation when the transmitter pow- 
er is off. This adjustment may rbe ^minimi?ed..by; : . 
maintaining simplicity and common componentry in 
each part. Antennae mismatch can be taken into 
account through the use of a reflectometer as illus- 
trated in both embodiments during the transmit 
mode of operation. This allows the measurement of 
forward and reflected power. The preferred loose- 
coupling associated with the reflectometer has neg- 
ligible impact on signal loss. 

The technique of the present invention can be 
used with both invasive and non-invasive antennae 
element. It should further be noted that the radio- 
meter need not be at the same frequency as the 
transmitter. Frequency separation can be used 
along with the use of filtering, if needed, to provide 
further isolation of the sensitive receiver from the 
transmitter. 

Reference is also made herein to Fig. 3 which 
shows one embodiment of an antenna cluster. This 
happens to show an embodiment in which there 
are five antennae employed. Fig. 3 also shows 
these antennae as they relate to the tumor site 10. 
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As indicated previously, ^ fe> tumor has 
been located by other techJS^nd the size 
thereof determined then differenfforms of antenna 
array may be employed. 

Having now described a limited number of em- 
bodiments of the present invention it should now 
be apparent to those skilled in the art that nu- 
merous other embodiments and modifications 
thereof may be contemplated as falling within the 
scope of the present invention as defined by the 
appended claims. 



Claims 

1. A system for hyperthermia treatment of a 
cancerous tumor, comprising; 
an antenna array including a plurality of antennae 
disposed over the tumor site, 
means for combining the signals from the antennae 
to provide a combined signal and including means 
for separately adjusting the phase of each of the 
antennae signals to maximize said combined sig- 
nal, 

transmitter means, 

and means for dividing the transmitter means sig- 
nal for coupling via said means for separately ad- 
justing the phase, after adjustment thereof, to said 
plurality of antennae, respectively. 

2. A system as set forth in claim 1 wherein 
said means for combining includes an N-way com- 
biner. 

«i- ■ 3. A system as set forth in .cteim 2 wherein 
said means for separately adjusting includes sepa- 
rate phase shifters. 

4. A system as set forth in claim 3 including 
means for switching between transmit and receive 
modes. 

5. A system as set forth in claim 3 wherein 
said means for dividing includes an N-way divider. 

6. A system as set forth in claim 5 including a 
circulator coupling between the combiner, divider 
and phase shifter. 

7. A system as set forth in claim 6 including 
means coupling the transmitter means to the di- 
vider and means coupling the output of the divider 
to the circulator. 

8. A system as set forth in claim 7 including a 
radiometer for receiving said combined signal. 

9. A system as set forth in claim 8 including 
means coupling the output of the combiner to the 
radiometer. 

10. A system as set forth in claim 9 wherein 
said means coupling the divider to the circulator 
includes an amplifier and switch coupled in series. 

11. A method of hyperthermia treatment of a 
cancerous tumor comprising the steps of, providing 
an antenna array of a plurality of antennae dis- 
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posed over the tumor sit^ffifoing the separate 

signals form the antenna^jp^ide a combined 
signal representative of tumor site temperature, ad- 
justing the phase of the separate antennae signals 
so as to maximize said combined signal and main- 
taining the thus-adjusted signals, providing a trans- 
mitter, and coupling the transmitter output sepa- 
rately to each antenna while maintaining the pre- 
viously set coupling phase to provide beam focus- 
ing of the microwave energy onto the tumor site. 

12. A method as set fourth is claim 11 wherein 
the step of coupling the transmitter output to each 
antenna includes dividing the transmitter signal. 

13. In a system including a microwave 
radiometric detector operable during a receive 
mode of operation to establish signaJ path char- 
acteristics, and a microwave transmitter operable 
during a transmit mode of operation, a method of 
hyperthermia treatment of a cancerous tumor, com- 
prising the steps of, providing an antenna array of 
a plurality of antennae disposed over the tumor 
site, providing separate bi-directional signal chan- 
nels each coupled to an antenna, combining the 
separate channel signals for coupling to said micro- 
wave radiometric detector during the receive mode 
of operation, adjusting the phase of the separate 
antenna signals so as to maximize the signal de- 
tected at the microwave radiometric detector, and 
dividing the microwave transmitter signal for cou- 
pling to said signal channels during the transmit 
mode of operation to provide beam focusing of the 
microwave energy onto the tumor site. 
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